THE COMPLICATIONS OF OSTEITIS DEFORMANS
By BmINARD Paget's disease of bone was formerly regarded as a rarity. In the 24 years following its first description in I877 only 66 cases were published (Packard et al., I90I) and these probably were very nearly all the cases diagnosed in the world. Now single clinics can produce series of over a hundred cases. This hospital has admitted 88 cases in the last ten years and the disease is becoming almnost a commonplace of the wards. Improved diagnosis, especially radiological, is chiefly responsible for this, but the steady ageing of our population is also an important factor. Paget's disease is very largely a disease of the elderly and must take its share of the increasing interest in geriatric problems.
The general picture of the disease, especially of the skeletal changes, is familiar. The multiplicity of secondary effects of these bony lesions is not perhaps so widely realized. They are important, however, for the presenting symptom of Paget's disease is more often a complication than the disease itself, and although for the disease itself only symptomatic treatment is available, some of the complications demand active measures. Paget's original clinical description (I877) is still unsurpassed. On the more general aspects of the disease Snapper (I943) gives the best recent review. On the aetiology much has been written but little of value has emerged; it is best to confess ignorance. On the pathology Higbee and Ellis (i9iI), Knaggs (I926), Schmorl (I926, 1930, I932) and Jaffe (I933) have contributed most.
The best recorded modern series are those of O'Reilly and Race (1932) Kay (I930) , Gutman and Kasabach (I936) and Reifenstein and Albright (i944) cover the biochemistry and Koller (I946) the genetics.
The present account is chiefly based on a search of the literature of the disease, both old and new, which was originally undertaken for another purpose. This has been reinforced by a study of the material at Hammersmith Hospital. Autopsies have been made on I5 cases of extensive Paget's disease (0.34 per cent. of 4,450 post mortems in I3j years). Clinical records are available of 88 cases for the ten years I938/47 (0.I2 per cent. of 76,ooo admissions).
It may be worth while considering parenthetically the extraordinary variation in figures for the incidence of the disease. They vary from 3 per cent. (Schmorl, 1932) to O.OI3 per cent. (Koller, 1946) . The reasons for this need not be detailed but are obvious enough when one studies the series concerned; they emphasize, however, the difficulty of any statistical study and are the principal reason why no attempt has been made here to assess in any but the broadest terms the incidence of the various complications. A distinction of immediate practical importance may be made between the two main groups. The local effects may be seen in cases with localized or even monostotic disease; the general effects only appear in cases with many bones involved.
Fractures
Surprise has often been expressed at the ease with which the thick and heavy bones of Paget's disease are fractured. The radiologist, who can see loss of trabecular structure, is less likely to be surprised than the clinician, and the pathologist, who can handle the bones, even less so. At post mortem it is obvious that the bones have entirely lost their characteristic temper, the steely hardness and elasticity of normal bone giving place to a brittle frangibility like that of soft sandstone. At its best (or most sclerotic) the bone breaks like cast iron ; at its worst (or most osteoporotic) like Edinburgh rock. The skull cap shown in Fig. i , twice the normal thickness, broke clean away from the base while being sawn; in another case the iliac crest was broken between finger and thumb. Wolff's law (' the structure of bone is governed by its function ') no longer operates, and the bone is a mass of osseous tissue, abundant enough but not organized to resist strain.
Transverse zones of radiolucency in the convex margin of the femur, well seen in Fig. 2 , are sometimes a source of fracture (Reifenstein and Albright, I944). Schmorl (1932) showed (but this has yet to be confirmed) that they are partial fractures (or ' infractions ') which are slow to heal completely. He believed that they are responsible for the bowing of a bone without decrease in length which can sometimes be demonstrated. They must not be confused with the rather similar Looser's nodes of osteomalacia.
The actual frequency of fracture in Paget's disease may be exaggerated and its significance has even been denied. As will be pointed out later in connection with renal calculi, in any condition in which X-rays are a routine, the examination will bring to light many unsuspected and possibly incidental cases of Paget's disease. But apart from the a priori probabilities, a study of cases in which fractures occur repeatedly through affected bones, sparing normal bones, is very strong evidence that the association is real (Rogers and Ullin, 1936) . 'Our 88 cases at Hammersmith included seven with fractures (Fig. 3) .
Fractures usually involve the lower limb or pelvis, sometimes the vertebrae or humerus, apparently never the skull. Transverse fractures just below the greater trochanter and of the upper third of the tibia are especially common. They are rarely quite spontaneuous but result from relatively minor trauma. Pain is often remarkably slight. (Schmorl, 1932) Men are four or five times as often affected as women though Paget's disease itself has no sex bias and osteosarcoma in the mass only a slight male bias. The average age of onset in the 76 cases collected by Sumney and Pressly (1946) iS 58 years, with a range from 32-78. The femur is the commonest site, closely followed by the humerus, skull and tibia. The tumours occur occasionally in other bones, but have not been reported in the fibula or sternum or in the hand, foot or face bones. They are frequently multiple in 26 of Sumney and Pressly's 76 cases more than one bone was involved. The possibility that multiple tumours arise by metastasis from a single primary can be discounted in most of these cases. Von Albertini (I929) showed that even in a case with only a single sarcoma there may be multiple foci of premalignant osteoblastic proliferation. The first symptom is often a fracture (Fig. 4 ) and though this is usually obviously an effect of the tumour, in some cases the time relations have been such as to suggest that it may have been a cause. One cannot, however, escape a suspicion that in some of these cases the tumour has been missed in the earliest radiographs.
The histology of these tumours is unremarkable. Most are poorly differentiated osteosarcomata, but pure fibrosarcoma has been reported and one of our cases had massive lung metastases of well differentiated osteochondrosarcoma. Everything points to an origin from osteoblasts and to continuous osteoblastic stimulation as the cause.
The prognosis is at present hopeless, and no cures have been reported. This is the more surprising in that osteosarcoma arising in normal bones shows a rather better prognosis than usual in the higher age groups (Badgely and Batts, I941). Late diagnosis (the symptoms being ascribed to the pre-existing disease) is one factor and multiple tumours another, but the tumours seem to be exceptionally malignant. Platt's case (I946/7) with a two-year survival is quite unusual. The position of the ear is exceptional, for it is more intimately related to bone than any other nerve structure. Indeed it is, strictly speaking, wrong to classify this as a pressure effect on the nervous system, for here we are dealing with a direct disorganization of the receptor.
Deafness of some degree is common enough to be a reliable sign of the disease. Newman (1946) found it in 20 of 82 cases. Tamari (1941) narrowing of the foramina at the base of the skull and believed that this was the cause of the nerve lesions, but it seems likely that stretching of the nerves due to distortion of the base of the skull is at least as important. It is noteworthy in this connection that in spite of its long intra-osseous canal, the VIIth nerve is one of the least often affected.
Cranial nerve involvement is sometimes multiple. If this occurs in the presence of gross cranial deformity (Gregg, I926) diagnosis is easy, but much more difficulty will be found when, as sometimes happens (Lehoczky, I939), the bone lesions are limited to the cranial base.
BASILAR INVAGINATION
Distortion of the base of the skull in Paget's disease is common and can be important. The heavy and plastic skull, supported over too small an area by the cervical vertebrae, droops down and produces a tam-o'-shanter effect. Seen from inside, the effect is one of a central boss protruding into the cranial cavity from below, its apex at the clivus forming a convex hump which may rise above the sella turcica. Secondary effects are a flattening of both posterior fossae and pituitary fossae and a narrowing and tilting of the foramen magnum. Such a deformity, may in theory be secondary to any bone-softening disease, but is commonest in Paget's disease. There is, however, a ' primary' deformity of very similar appearance, produced by congenital malformation of the basiocciput and neighbouring bones (Walsh et al., I941). Names for the deformity, whether primary or secondary, are numerous-convexobasie (Leri, 19I3) , kyphosis of the clivus (Dubois-Ferriere, 1940) , platybasia, basilar invagination, basilar impression and many others. Platybasia is a mistaken importation from-anthropometry, and basilar impression is a mistranslation of ' basale Impression des Schadels,' used by older German authors for the primary lesion, so basilar invagination remains the least unsatisfactory English term.
The lesion in its milder forms is fairly common, but the brain, at least above the tentorium, can survive a good deal of distortion without clinical effect (Griinthal, 193I) . Below the tentorium the grosser degrees of the deformity can do considerable damage, the medulla, pons and cerebellum suffering in varying degrees, producing neurological effects which vary considerably in detail. It has recently been shown (Wycis, I944) that an occipital decompression with high cervical laminectomy is a valuable measure for the relief of this condition.
Of cerebral effects the only one of any importance is the occasional appearance of epilepsy which, as-Mufson and Chodoff (I946) have shown, is only likely to appear in those inherently predisposed to epilepsy. Paget himself remarked on the preservation of the intellect in the presence of gross cranial deformity.
SPINAL CORD
Paraplegia is not very rare; Schwarz and Reback (I939) published nine cases and Turner (I940) seven. A progressive compression of the cord by thickening of the surrounding bone is the usual mechanism. The majority occur in the thoracic region, where the spinal canal is narrowest, but two cervical cases are recorded with actual displacement and a more sudden onset (Garcin et al., I937; Whalley, I946) . In most of the reported cases the Paget's. disease has been relatively localized, but in our only example the lesion was terminal in a long-standing and very extensive case (the case A.H. of Edholm et al., 1945) . The gradual onset, thoracic level, and ' girdle sensations' due to root pressure (Turner distinguishes these from root pains, which are rare in Paget's disease) are of importance in diagnosis. Laminectomy, first recorded by Wyllie in I92I, iS a remarkably successful procedure, at least 75 per cent. of recorded cases being cured or substantially improved, and it should be carried out when possible. As Turner records, the disease may recur after years of freedom. Occasionally paraplegia may be due to osteosarcoma supervening on Paget's disease (Campbell and Whitfield, 1943 ).
Nose, Sinuses and Jaws
Though relatively infrequent, involvement of the facial bones in Paget's disease does undoubtedly occur (Glickman and Glidden, I942) . The important secondary effects of these are: I.33I. Nasalobstruction. Therelativeimportance of this and of olfactory nerve involvement in producing anosmia has not been determined.
1.332. Sinus obstruction. The paranasal sinuses may be compressed and even obliterated, or obstruction of their ducts may cause sinusitis (Gregg, 1926; Moore, 1927; Brunner and Grabscheid, 1938; Harris, I944 circumscripta and Paget's disease of the skull (Kasabach and Gutman, I937; Elkeles, 1947 (Prince, 1902 ;' Kasabach and Dyke, 1932) as forms of Paget's disease, and both derive from the apparent age difference.
Thoracic Deformity
Respiratory embarrassment and cor pulmonale due to thoracic deformity might be expected to be common and the earliest accessible case (Wilks, I 869) was believed to have died in this way. Subsequent experience shows it to be rare. Loeschke (1926) showed that it is the sharply angulated spinal deformity which is especially likely to cause cardiorespiratory effects, and the kyphosis of Paget's disease is usually a smooth curve.
Hypercalcaemic Episodes and
Metastatic Calcification No metabolic disorders except those of the calcium phosphate complex have been established in Paget's disease. Of those established only the raised alkaline phosphatase (Kay, 1930) Heart block of this type may be commoner than the lack of reported cases would suggest. There are many unexplained deaths from ' heart failure ' in the literature of Paget's disease, and some of these (Higbee and Ellis, I9 iI; Clegg, 1937) Snapper's (1943) and 4.9 per cent. of Newman's (1946) cases had calculi. These figures are weighted by the frequency with which unsuspected Paget's disease is discovered during routine X-ray for stone, the lumbar spine and pelvis being the commonest sites of such unsuspected disease.
The high incidence of stone in hyperparathyroidism is, of course, due to the high urinary excretion of calcium (Barney and Sulkowitch, 1937) . No such hyperexcretion occurs in Paget's disease, and it may be doubted whether the occasional episodes of hypercalcaemia already described can be sufficient to produce stones. Even in hyperparathyroidism the incidence of stone varies geographically (Wilder and Howell, 1936) (Edholm, Howarth and McMichael, 1945) .
Severe congestive heart failure from this cause may be uncommon, but a high proportion of cases show some evidence of raised cardiac output. If one excluded the prominence of some arteries due to the high blood flow through them, and the medial calcification of others, little is left of the ' arteriosclerosis' often described in Paget's disease. The prominent temporal arteries so often seen in cases with skull involvement (Fig. io (e) Heart block due to septal calcification. (f) High output heart failure due to the shunt through the vascular bones.
